The forkhead box (FOX) transcription factor protein family is responsible for a wide range of biological activities, especially in development and cell differentiation. The highly conserved gene family span from worms to mammals, and has at least 41 members in the human genome. By analyzing data from The Cancer Genome Atlas (TCGA), this study examined the correlation of expression between each human FOX members in 31 types of cancer cells in the form of heatmaps and scatterplots. The primary goal was to identify significant correlations between certain FOX family members and different types of cancers. The study identified a close expressional correlation between FOXC2 and FOXL1 genes, which exists within a cluster at 16q24.1. Other significant relations in particular types of tumor tissues were also noted.
Introduction
The forkhead box (FOX) transcription factor family can be identified by their common DNA-binding domain named "forkhead box" or "winged helix". Despite this common feature, members of the FOX family serve distinct biological functions. These members have been found to be responsible for functions such as cell differentiation, apoptosis and cell cycle regulation. Therefore, unregulated expression of FOX family members inevitably lead to the possibility of oncogenesis [1] .
The amplification, point mutation, or translocation of the FOX family members is often observed in numerous types of cancers. Along with more sequenced whole genome data of cancers, more and more researchers have explored the role of FOX abnormalities in carcinogenesis [2] .
In 2004, Katoh et al found gene clusters of the FOX family, which include FOXE3-FOXD2 locus, FOXQ1-FOXF2-FOXC1 locus, and FOXF1-FOXC2-FOXL1 locus. These clusters may indicate relationships in terms of expression in various cancer cells [3] .
Other relationships may also exist outside the structural clusters. In light of the above discoveries, this study aimed to identify significant correlations of expression between FOX genes in cancer cells. The specific list of researched genes and cancer tissues is shown in Table 2 . The Spearman's rank correlation coefficient (ρ value) between each two members of the FOX family in every type of cancer was calculated, and visualized in forms of heatmaps and scatterplots. To further identify significant relationships between FOX genes, the cases for the top five Spearman's rank correlation coefficient (ρ >0.5)
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were listed. Significant anti-correlation was also identified in the study.
Results

Identification of Expressional Correlation between FOX Members
The study produced 31 heatmaps displaying the spearman correlation between each pairs of FOX members in every studied TCGA sample groups. As an example, Fig. 1 is the heatmap for testicular germ cell cancer samples, which display the most significant correlations among all samples. When looking at individual gene pairs, the correlation coefficient between FOXC2 and FOXL1 was greater than 0.5 in 22 of the 31 cases, showing the most significant relationship. Three other pairs are also notable: FOXF1-FOXF2, FOXF2-FOXL1, 
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The FOXC2-FOXL1 Relationship
Among all tested cluster pairs, only FOXC2 and FOXL1 displayed a very close positive relationship. Their expressions were positively related in all studies. The Spearman's rank correlation coefficient (ρ value) in this pair was greater than 0.7 in 6 types of tumor samples (KICH, LUSC, PCPG, TGCT, UCS, KIRC). The coefficient was higher than 0.5 in 22 out of 31 tumor types. The top 4 cases for this correlation are listed in scatterplots below (Fig. 3) . The p values of each correlation were also calculated, however, some values were too small to be accurate, so the p value is shown as <2.2e-16. 
Other Positive Relationships
The analysis in this study also identified notable correlations between members that are not located in the same clusters. FOXF2 is located outside the FOXF1-FOXC2-FOXL1 cluster, but has showed significant correlation with FOXF1 in colorectal adenocarcinoma. Similarly, FOXF2 showed strong correlation with FOXC2 in testicular germ cell cancer (Fig. 4). 
Negative Relationships
FOXA3 and FOXE1 exhibited a very strong negative correlation in esophageal carcinoma in scatterplot (ρ≈-0.700) (Fig. 5) , while FOXN2-FOXP4 also showed significant negative correlation in testicular germ cell tumors (ρ≈-0.736), and in uveal melanoma (ρ≈-0.687). The other two notable negative correlations are FOXM1 and FOXO1 in thymoma (ρ≈-0.694); and FOXJ1 and FOXN2 in testicular germ cell cancer (ρ≈-0.715) ( 
Discussion
FOXC2 is involved in making critical proteins in the formation of organs and tissues before birth, such as the lungs, eyes, kidneys, cardiovascular and lymphatic systems. Insertions or deletions of FOXC2 sequence most commonly cause Lymphedema Distichiasis Syndrome [6] FOXC2 also down regulates cell-to-cell adhesion in cancer tissues, therefore increasing the possibility for cancer metastasis in malignant cancer [7] . FOXL1 has been identified as tumor suppressor responsible for the development of gastrointestinal tract. Low FOXL1 expressions tend to increase depth of invasion, lymph node metastasis, and distant metastasis [8] . As mentioned before, FOXC2 and FOXL1 exist in the same cluster together with FOXF1 at 16q24.1 [9] . The results noted in this study may be explained by their close physical relationship, as any frameshift mutation caused by insertion or deletion could affect both genes. However, other clusters identified by previous studies have not resulted in such significant correlations. Therefore, being inside a cluster does not necessarily indicate close expressional relationship. More experiments regarding this phenomenon would allow for a better understanding of how exactly these two genes interact with each other. Confirmations of the findings of this study, as well as other tumor-specific relationships may also provide alternatives on targeting genes for cancer treatment or for prognosis based on known gene functions of the FOX family members. The other pairs in the clusters did not show strong correlations, which may suggest that physical location may not be the primary reason for expression correlation.
